Introduction
Ventral incisional hernias are a common, costly complication of midline abdominal incisions.
1,2 A recent systematic review and a meta-analysis of published studies describing midline incisions reported a postoperative incisional hernia prevalence of over 12% and a >5% risk of undergoing surgical repair after midline laparotomy. 1 As approximately one-third of all individuals in developed countries will undergo submit your manuscript | www.dovepress.com
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Sutton et al abdominal surgery in their lifetime, this represents a significant economic burden. 2, 3 In the USA, the number of ventral hernia repairs performed has risen from an estimated 360,000 in 2003 to over 500,000 in 2010. 4, 5 Despite surgical improvements, hernia repair procedures are associated with a high incidence of serious postoperative complications including hernia recurrence. 6, 7 Systematic reviews and expert consensus on best practice in the management of ventral hernias recommend using mesh reinforcement for ventral hernia repairs to reduce recurrence rates. 8 However, other factors have also been shown to influence surgical outcome. 8 Patient comorbidities, such as obesity and smoking, wound class, operative factors, 6, 8 and surgeon factors including procedural inexperience and stress experienced during a complex or unfamiliar procedure, have all been associated with poor patient outcomes. [8] [9] [10] [11] [12] Consequently, reducing surgeon stress by reducing surgical procedure complexity has the potential to improve patient outcomes and minimize surgical error.
The Ethicon Securestrap ® Open Absorbable Strap Fixation Device (Ethicon US, LLC, Cincinnati, OH, USA) is a mechanical fixation device designed to secure prosthetic materials to soft tissue, including open intraperitoneal onlay mesh (IPOM) used for ventral/incisional hernia repair procedures. Ethicon Physiomesh ™ Open Flexible Composite Mesh Device (Ethicon US, LLC, Cincinnati, OH, USA) is a skirted mesh designed specifically for use with absorbable tackers for open ventral hernia repairs ( Figure 1 ). Using mechanical fixation in conjunction with skirted mesh reduces the complexity of the procedure, facilitating fast, secure fixation of the mesh to the defect site. 11 This decreases procedure time which, in conjunction with the use of absorbable tackers instead of transfacial sutures, has the potential to improve patient outcomes, for example, by limiting postoperative pain. 13 This study was an interventional, randomized, pairedwithin-subject, crossover study. It was designed to investigate whether, compared with traditional hernia repair methods, the surgical benefits associated with mechanical fixation using the Ethicon Securestrap Open Absorbable Strap Fixation Device in conjunction with the Ethicon Physiomesh Open Flexible Composite Mesh Device reduce surgeon stress during a hernia repair procedure. In this study, surgeons performed two hernia repairs using a porcine simulated hernia repair model. Surgical task load was measured using the surgical task load index (SURG-TLX), a validated self-reported questionnaire that measures intraoperative mental stress and workload by evaluating six different dimensions: mental demands, physical demands, temporal demands, task complexity, situation stress, and distractions. 14, 15 This study expanded on an earlier work performed using a similar simulated hernia repair model by measuring the levels of cortisol and alpha amylase in the saliva of surgeons to evaluate surgeon stress. 15 Previous studies have demonstrated that cortisol correlates with hypothalamic-pituitary-adrenal (HPA) activity, which is associated with lack of perceived control, withdrawal, and distress; whereas, salivary alpha amylase (sAA) correlates with autonomic nervous system (ANS) arousal, an indicator of perceived control, cognitive effort, and an identified need to mobilize existing skills and strategies to solve problems. 16, 17 Using a mechanical strap fixation device in conjunction with a preformed skirted mesh product was predicted to reduce surgical time and surgeon stress levels compared with traditional suture fixation performed using a standard flat mesh, resulting in reduced HPA activity and ANS arousal.
Methods
Study design
This randomized study applied a paired-within-subject crossover design to measure surgeon stress levels experienced during two simulated ventral hernia mesh repair procedures, both performed on the same day using an IPOM technique. A live porcine model was used for this investigation. The surgeons participating in the study were experienced in performing hernia repairs using both traditional suture methods and mechanical fixation repair techniques, but were naïve to the use of both the Ethicon Physiomesh Open Flexible Composite Mesh Device and the Ethicon Securestrap Open Absorbable Strap Fixation Device. The order in which surgeons performed the two mesh repair procedures was randomized. The study was reviewed and approved by the Western Institutional Review Board, Puyallup, WA, USA, and the Institutional Animal Care and Use Committee (protocol number 14-0031) at Ethicon Inc. Eight surgeons were recruited and written informed consent was obtained. Table  1 presents the specific eligibility and exclusion criteria that were utilized. Each eligible surgeon was assigned a unique identification number that was retained throughout the study to protect his/her confidentiality, and physicians were compensated for participation in the study.
Surgical procedures
To prevent experimentally independent elevations in cortisol and sAA, surgeons were instructed not to consume a large 
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Surgical mesh devices for hernia repair meal within 1 hour of sample collection, or to consume dairy, acidic, or high sugar-content foods within 20 minutes of the first saliva sample collection time. In the event that a surgeon ingested any salivary stimulants, he/she was instructed to rinse their mouth with water at least 10 minutes prior to initial sample collection.
Participating surgeons were blinded to the order of the IPOM procedures until the start of the first simulated IPOM hernia repair. For study documentation purposes, the two procedures were designated as Procedure A (traditional hernia repair method with Proceed Surgical Mesh and suture fixation) and Procedure B (mechanical fixation using Ethicon Physiomesh Open Flexible Composite Mesh Device with Ethicon Securestrap Open Fixation Device). The randomization was performed to ensure that both procedural orderings (A then B, and B then A) were performed an equal number of times.
All institutional and national guidelines for the care and use of laboratory animals were followed and the study protocol was approved by the local Institutional Animal Care and Use Committee. Animals were anesthetized, intubated, and maintained under a surgical plane of anesthesia for the duration of the study. Animals were draped for abdominal surgery and a preclinical veterinary surgeon performed a full thickness ventral midline abdominal incision of ~12 cm in length to create a simulated ventral hernia. Participating surgeons were then brought into the operating room where they were required to follow standard sterile operating room procedures in an effort to replicate a human operating room environment. Once scrubbed, gowned, and gloved, the surgeons were shown the ventral midline defect and asked to repair the simulated hernia using Procedure A or B as assigned.
For Procedure A, the surgeons trimmed and prepared the Proceed Surgical Mesh using their preferred method. The surgeons then followed standard surgical procedures to secure the mesh to the ventral abdominal wall using an IPOM technique and a suture pattern of their preference. For Procedure B, the skirted mesh was designed so that no modifications were required before use. Surgeons secured the skirted mesh (15×20 cm Ethicon Physiomesh Open Flexible Composite Mesh Device) to the peritoneal layer and underlying musculature using the Ethicon Securestrap Open Absorbable Strap Fixation Device using an IPOM technique. Prior to surgery, the surgeons were given access to the instructions for use (IFU) for the Ethicon products and were instructed to place the straps through the skirted portion of the mesh as directed in the IFU (Figure 1 ).
The surgeons were instructed in advance to notify the surgical team once half of the mesh fixation for each procedure was completed to permit staff members to collect the mid-fixation saliva samples. For each procedure, the surgeons were permitted to place trans-abdominal stay sutures around the border of the mesh prior to insertion into the abdomen. The surgical start time was defined as the time the surgeon first handled the mesh and the surgical finish time was defined as the time that mesh fixation was complete (i.e., when the last suture knot was tied or fixation strap fired). Following completion of each procedure, the surgeon was instructed to leave the operating room for the postprocedural saliva sample collection. The preclinical veterinary surgeon then removed the first implant device and the second procedure was performed using the same animal.
Saliva collection and analysis
HPA axis activity and ANS arousal were assessed noninvasively using saliva. 18 The validity of using salivary cortisol as a measure of the HPA axis and sAA as a surrogate marker of ANS activity has been extensively documented elsewhere. [17] [18] [19] [20] [21] Saliva samples were collected by an independent study nurse by placing a 1×4 cm absorbent swab (SalivaBio, Carlsbad, CA, USA) under each participant's tongue for 90 seconds. The samples were defined as the preprocedure sample (collected ~30 minutes before initiating each fixation procedure), the mid-procedure sample (collected at the midpoint of the fixation procedure as dictated by the surgeon), and two postprocedure samples (collected at ~5 and 20 minutes following completion of the fixation).
Following sample collection, samples were placed on dry ice and transferred to −80°C storage. All samples were 
Salivary analytes
Samples were thawed and centrifuged to remove mucin. Saliva samples were assayed using a commercially available assay kit for the kinetic measurement of sAA activity (Salimetrics, State College, PA, USA). Cortisol was assayed in duplicate using a commercially available enzyme immunoassay (Salimetrics, Carlsbad, CA, USA). All analyses were performed according to manufacturer's instructions.
SURG-TLX and task load assessments
The surgeon-reported SURG-TLX questionnaire methodology has been reported elsewhere. 14 The first stage of the questionnaire calculates the weighting of the six dimensions using a set of 15 paired comparisons. The dimension with the highest weight is the most important contributing factor for the perceived workload (scores range from 0 to 5). Then, within 5 minutes of completing the procedure, surgeons were asked to describe their experience of the procedure by rating each of the six domains on a 20-point scale. The scores for each measurement were multiplied by the number of instances recorded for the "pair-wise" comparison for each of the dimensions. The scores for each of the adjusted dimensions were used to generate the overall SURG-TLX score for each procedure and each surgeon.
Analytical strategy
For each of the study end points, the difference between Procedures A and B was calculated for each surgeon and was used to determine the median difference between procedures. Descriptive statistics were calculated for the maximum change from baseline in both the sAA levels and the salivary cortisol levels. The maximum change from baseline in surgeon sAA and cortisol levels was estimated along with a two-sided 97.5% CI for the median difference between the maximum change from baseline recorded for the two mesh fixation methods (Ethicon Securestrap Open Fixation Device with Ethicon Physiomesh Open minus Proceed Surgical Mesh with suture).
For the overall surgeon-reported SURG-TLX score (i.e., the compilation of all task-load components), the median difference was estimated along with a two-sided 95% CI. The median difference in fixation time between the two mesh fixation methods (Ethicon Securestrap Open Fixation Device with Ethicon Physiomesh Open minus Proceed Surgical Mesh with suture) was determined along with a two-sided 95% CI.
Results
Surgical task load
The weighted SURG-TLX results for each fixation procedure are summarized in Table 2 . The overall score and the scores for each dimension were lower for Procedure B (skirted mesh and mechanical fixation) compared with Procedure A (flat mesh and traditional suture fixation), with the exception of Distractions. The median difference (95% CI) for the Total (Overall) Weighted Score between procedures was −49.50 (−114.00, −16.00). On average, self-reported surgical stress and demand load were 46.17% lower for surgeons performing a hernia repair using a Securestrap Open Fixation Device with Physiomesh Open (Procedure B) compared with suture fixation with Proceed (Procedure A; Figure 2 ).
Fixation time
Procedure fixation time reported by each surgeon is summarized in Table 3 . The mean (SD) for fixation time for Procedure B was 13.29 (6.89) minutes compared with 33.46 (15.08) minutes for Procedure A, representing a significant reduction (Figure 3 ). On average, fixation time was 60.28% lower when using mechanical fixation with Procedure B compared with suture fixation with Procedure A.
Salivary analytes
Cortisol concentrations and sAA activity at each time point are shown in Table 4 and Figure 4 . The median differences (95% CI) between the maximum change from baseline of the two procedures for sAA and cortisol were −81.02 (−291.92, 131.36) U/mL and −0.0275 (−0.3290, 0.1105) μg/dL, respectively (Tables 4 and 5) . Post-hoc analysis demonstrated that this was caused by variations in cortisol response; four of the eight surgeons had no increase in cortisol across time when performing either Procedure A or B. Among the four surgeons who showed a meaningful increase in cortisol across time, three showed markedly greater cortisol increases when using the suture method in Procedure A compared with the mechanical method used in Procedure B. Only one surgeon had a higher cortisol response when using the mechanical method in Procedure B, and the magnitude of that change was very small relative to the measurement error of the assay.
Discussion
Surgeon stress can impact overall performance and lead to surgical errors that, in turn, can adversely influence patient outcomes. Workload, procedural complexity, and time constraints are primary causes of such stress. 9, 22 Addressing the causes of surgeon stress has the potential to help improve surgical performance, leading to better patient outcomes, a decrease in the length of hospital stays, and ultimately, a reduction in procedural costs. 9, 22 Surgical procedure length is 
7
Surgical mesh devices for hernia repair of particular importance as longer procedures are correlated with complications such as an increase in infections, resulting in longer hospital stay and greater readmission rates. [23] [24] [25] [26] Mechanical fixation devices are designed to facilitate fixation and are expected to reduce procedure time compared with other mesh repair methods that rely on suture fixation. Skirted meshes provide a matrix to further facilitate fixation by providing a preformed platform for tacker placement and do not require any modification prior to use. Combining both devices in IPOM hernia repairs should further reduce procedure time and decrease surgeon-perceived stress. The results from this study confirmed this hypothesis, demonstrating that procedure time, surgical stress, and demand loads were reduced when using mechanical fixation with a skirted mesh. These results support the results observed in a previous study, which demonstrated reductions in surgeon stress measured by SURG-TLX and faster fixation times. 15 In this study, the concentrations of both sAA and cortisol were measured before, during, and after completing IPOM repairs to evaluate the biobehavioral response to stress associated with both procedures. The median differences and 97.5% CI in the maximum change from baseline concentrations of sAA and cortisol were generally consistent with the behavioral data above. However, there was evidence of individual differences in the surgeons' physiological reactivity to the procedures, with a greater proportion of surgeons exhibiting larger HPA axis reactivity when using the suture fixation method compared with the mechanical method. This suggests that there was a reduction in HPA activity and ANS arousal when using Procedure B (Securestrap Open Fixation Device in conjunction with Physiomesh Open procedure) compared with using Procedure A (suture with Proceed procedure).
This study is associated with several limitations. The procedural time measurement started after handing the surgeon the mesh and so the time required to alter the mesh before use was included as part of this measurement. Consequently, the experimental design would provide a small benefit to the 
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Sutton et al skirted mesh as the design required no trimming before use. To minimize bias and mitigate anticipatory stress, surgeons were randomized to the order in which each procedure would be performed. However, as described above, it was not possible to blind the study after the surgeon had performed the first surgery. Although designed to be robust and to closely mimic the clinical operating room situation, the study was performed in a porcine model which does not fully reproduce the human surgical experience. In addition, accurate surgical exposure of the hernia ring is a critical part of hernia repair in surgical practice; however, for this study model the hernia was simultaneously created and exposed by the study veterinarian; participating surgeons only performed the fixation portion of the surgery. Finally, the sample size for this pilot study was relatively small, although it was determined to be large enough to permit assessment of all study end points. The baseline concentrations of sAA and cortisol were 277.4 and 189.8 U/mL, and 0.1648 μg/dL and 0.1285 μg/dL, respectively, for surgeons starting Procedure B and Procedure A. A possible explanation for the elevated baseline sAA and cortisol levels observed for the Securestrap Open Fixation Device may have been the blinding method used, as it was only possible to blind the first procedure. Consequently, the elevation may be an indicator of perceived excitement for a novel task, as all surgeons were naïve to this method. For example, sAA has been reported to be an indicator of the early fight/flight response preparing an individual to react to perceived stimuli. 27 The results of this study may inform future studies designed to assess the correlation of stress with other confounding factors associated with mechanical fixation procedures. Understanding how surgical performance is affected by factors such as distractions, fatigue, and overall familiarity with the surgical procedure and devices, may help explain the variability observed between surgeons. Additional studies could also confirm the optimal saliva sampling time points (before, during, and after surgery) in order to better align the measurement of salivary biomarkers with other physiological markers of stress including blood pressure and pulse rate.
Conclusions
This pilot study provides preliminary findings suggesting that mechanical fixation with the Ethicon Securestrap Open Absorbable Strap Fixation Device in open IPOM repair using the Ethicon Physiomesh Open Flexible Composite Mesh Device has the potential to reduce surgeon stress, as evidenced by a reduction in perceived workload stress, fixation time, and physiological reactivity to the intraoperative experience. Future studies could focus on determining whether the reduction in stress is also observed in a real-life setting, and whether this results in reduced surgical errors and improved patient outcomes.
